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Part I Relevant derivations in Section 3.1.2
1. Derivations of the pivot net forces
Considering the impulsive load Fadd as the external input of the LDLM, the mechanical model of applying static force analysis of the LDLM is illustrated in Fig. S1. Besides the cabin body as the base, the other four links that constitute the Watt-II mechanism are CH, ED, BF and AE. Assuming that each link is isotropous and homogeneous, the mass of individual links are proportional to the corresponding link length by defining the unified equivalent linear density of the linkage ρ. 
[image: ]
(a) Link CH             (b) Link ED          (c) Link BF          (d) Link AE
Fig. S1. Static Force Analysis of the pivot net forces.
It is a trivial task to derive the static equilibrium equations of individual links as below.

For link CH:        (S1)

For link ED:                            (S2)

For link BF:                            (S3)

For link AE:                      (S4)
The vector form of the static force formula can be conveniently conveyed by combing Eq. (S1) to Eq. (S4) as below.

                                  (S5)




where  is the coefficient matrix of the pivot net forces,  is the vector of the pivot net forces with ,  is the external force vector that collects the gravitational forces and the impulsive load. Since D(q) and Q(Fadd,q) are both sparse matrices, thereby it is convenience to rewrite these matrices into the nonzero-element format in Eq. (S6) and Eq. (S7).

         (S6)

         (S7)
where Di,j and Qk are the elements at the i-th row, j-th column of D(q) and the k-th row of Q(Fadd, q), respectively，G(•)(••) is the gravity of the link (•)(••) with the estimation expression G(•)(••) = ρgL(•)(••).
2. Derivations of linkage control point constraints
To properly construct the Watt-II mechanism, the linkage control point A~G should satisfy

                                   (S8)
Therefore the vector form of these constraints can be conveyed as below.

                    (S9)
3. Derivations of auxiliary angle constraints
Using the auxiliary angles α1, α2, α3 can depict the canonical form of the LDLM at fully folded configuration. The practical significance of imposing the constraints that all the auxiliary angles should be positive with respect to the vertical direction is to guarantee the successful execution of deploying action at initial folded mode. Note that the vertical stand of the outer supporting link CH at the initial state is mandatory due to the requirement of the folded configuration. According to the enveloping space constraint of the proposed Watt-II mechanism, the planar linkages should be arranged inside the area between the link CH and the vertical line across the pivot A, which implies that both the auxiliary angles α1 and α3 should be positive as shown in Fig. 5(b). Meanwhile, the link BF is unidirectional stretchable owing to the structure of the locking mechanism, which implies that the length of the link BF couldn’t be shortened during the deploying process. The possible combinations of the auxiliary angle values are shown in Table S1. Besides three non-existent cases that are geometry unavailable, four cases shaded grey in Table S1 with improper configurations are illustrated in Fig. S2. 

Table S1 
Combinations of the auxiliary angle values 
	Auxiliary angle values
	Configuration evaluation

	α1
	α2
	α3
	

	Positive
	Positive
	Positive
	Feasible

	Negative
	Positive
	Positive
	Non-existent

	Positive
	Negative
	Positive
	Feasible but improper

	Positive
	Positive
	Negative
	Feasible but improper

	Positive
	Negative
	Negative
	Feasible but improper

	Negative
	Positive
	Negative
	Non-existent

	Negative
	Negative
	Positive
	Feasible but improper

	Negative
	Negative
	Negative
	Non-existent



[image: ]
(a) α2<0, α1>0, α3>0            (b) α1<0, α2<0, α3>0              (c) α3<0, α1>0, α2>0            (d) α3<0, α2>0, α1>0
Fig. S2. Typical improper configurations of the LDLM with disorganized auxiliary angle values. The tags indicates the disorganized auxiliary angles in each case. The shaded area are the feasible region for linkage design. 
It is clear to see that α1 > 0 and α3 > 0 guarantee the proper arrangements of the link AE and DE located inside the feasible region. The remaining constraint α2 > 0 guarantees that the locking mechanism BF could be successfully stretched without blocking, which facilitates the deploying action of the LDLM. 
Fig. S3(a) shows the closed chain of AE-ED-DC-base. In ΔADE, the side lengths can be conveniently expressed by

                             (S10)
[image: ]
(a)                                               (b)
Fig. S3. Geometry relationship of the LDLM at fully folded mode. (a) Closed chain of AE-ED-DC-base. (b) Closed Chain of AG-GF-FB-base.
According to the law of cosines, ∠EAD and ∠ADE are determined by Eq. (S11) and Eq. (S12) as

          (S11)

        (S12)
Defining the intermediate variable σ as below.

           (S13)
Then the auxiliary angles α1 and α3 can be derived as

  (S14)
Fig. S3(b) shows the closed chain of AG-GF-FB-base. In the local coordinate frame {X’O’Y}, the coordinate of the pivot F and pivot B are given by

                          (S15)

                                             (S16)
Then the auxiliary angle α2 can be derived by calculating the slope of the link BF, yielding

               (S17)
To further simplify the sophisticated formula in Eq. (S17), the following equivalence relation holds.

          (S17)
The above condition yields to a concise version of the equivalent formula with

                        (S18)
By combining Eq. (S14) and Eq. (S18), the auxiliary angle constraints can be ultimately conveyed by

      (S19)
Part II Ranking Procedure of the TOPSIS Method in Section 3.1.3
This section will detail the ranking procedure of the TOPSIS method in Section 3.1.3 to select the best compromise solution q*. By using the NSGA-II algorithm to solve the multi-objective optimization problem, the Pareto-optimal set of 29 are obtained wherein the best compromise solution is to be chosen from. Herein the TOPSIS (Technique for order preference by similarity to ideal solution) method is applied to rank 29 Pareto-optimal candidates. The main purpose of applying this method is to identify the most preferred alternative from all Pareto-optimal solutions in absence of priori knowledge or experts’ experience. The ranking procedure of the TOPSIS method to select the best compromise solution detailed in Fig. S4 is implemented as the following steps.  
[image: ]
Fig. S4. Ranking procedure of the TOPSIS method to select the best compromise solution.


Step 1—Normalize the Pareto-optimal performance matrix: Given the objective performance values of 29 Pareto-optimal solutions as shown in Table S2, the matrixis defined with xij being the performance value of the i-th Pareto-optimal solution with respect to the j-th attribute Jj. 

Table S2 
Performance values of individual Pareto-optimal solutions 
	Solution label
	Objective attribute

	
	J1
	J2
	J3

	1
	1.1120
	0.5930
	377.4810

	2
	1.6420
	0.5570
	353.9370

	3
	2.0350
	0.5440
	330.2330

	4
	2.5220
	0.5040
	301.5680

	5
	3.1450
	0.4880
	286.4690

	6
	3.6720
	0.4460
	271.4190

	7
	3.9880
	0.4230
	259.9330

	8
	4.0010
	0.4110
	244.1200

	9
	4.5310
	0.3920
	222.3120

	10
	5.2110
	0.3660
	201.3850

	11
	5.6710
	0.3220
	188.2930

	12
	6.2330
	0.2910
	176.9920

	13
	6.9880
	0.2600
	166.1820

	14
	7.1000
	0.2440
	152.9930

	15
	7.6050
	0.2040
	141.0450

	16
	8.2310
	0.1910
	132.0330

	17
	8.3160
	0.1800
	122.9340

	18
	8.8810
	0.1750
	115.2560

	19
	9.2340
	0.1720
	110.4830

	20
	9.9910
	0.1690
	102.3510

	21
	10.3410
	0.1660
	91.3400

	22
	10.9100
	0.1600
	84.4510

	23
	11.4180
	0.1580
	82.1330

	24
	11.9800
	0.1550
	81.2310

	25
	12.2420
	0.1510
	80.1110

	26
	12.7660
	0.1480
	80.0340

	27
	13.4510
	0.1420
	79.9350

	28
	14.1210
	0.1370
	79.9110

	29
	14.3870
	0.1310
	79.8920



To facilitate setting up the metric of Shannon’s entropy concept, the original performance matrix X needs to be normalized through 

                                     (S20)

where n = 29 denotes the size of the Pareto-optimal set. Thus the normalized performance matrix of the Pareto-optimal set is acquired as.
Step 2—Compute the entropy value for each attribute: According to the Shannon entropy formula, the entropy value ei for reach attribute Ji can be defined as in Eq. (S21) to measure the amount of decision information. 

                            (S21)
Step 3—Compute the degree of divergence for each attribute: Based on the definition of the entropy in Eq. (S21), the corresponding degree of divergence di that collects average intrinsic-information from each attribute Ji is given by

                                 (S22)
The divergence vector can be written as d = (d1, d2, d3).
Step 4—Compute the objective weight matrix: By normalizing the degree of divergence with respect to each attribute Ji, the corresponding objective weight matrix can be further computed via 

                              (S23)
The objective matrix is further defined as w = (w1, w2, w3).

Step 5—Generate the weighted Pareto-optimal performance matrix: The weighted Pareto-optimal performance matrixcan be derived by merging the objective weight matrix w with the normalized performance matrix Y, yielding

                           (A.24)
Herein the derived weighted matrix V is endowed with objective preference across individual attributes J1~J3, and thereby ready for ranking in the following steps. 

Step 6—Compute the positive and negative ideal solution: The ideal solution is originated from the weighted performance matrix V to create the benchmark that measures the rationality of each Pareto-optimal solution. The positive and negative ideal solution is generated by selecting the minimal and maximal element of the corresponding column in the weighted performance matrix , which gives

                     (A.25)






where and are the positive and negative ideal solutions, respectively. and are the j-th columns of the corresponding ideal solutions and for j = 1~3, respectively.
Step 7—Compute the relative closeness to the ideal solution: Foremost, the distance of each Pareto-optimal alternative from ideal solutions is defined by the Euclidean distance. For the i-th alternative vi, the distance from the positive and negative ideal solution can be computed, respectively, by

              (A.26)




whereandare the distance between the i-th alternative vi to the corresponding positive and negative ideal solutions and , respectively. Then the relative closeness Ci of the i-th alternative vi with respect to positive ideal solution V + is defined as

                            (A.27)



Note that  and  hold for i=1~29, which implies that . The relative closeness Ci gives each Pareto-optimal solution the sole scalar criterion that turns the multi-objective optimization problem into one-dimensional ranking. The computation results is shown in Fig. S5.
Step 8—Determination of the best compromise solution q*: According to the obtained relative closeness value Ci, the best compromise solution should not only have the closest distance from the positive ideal solution, but also have the longest distance from the negative one [R1]. After ranking Ci in descending order, label 15 of the Pareto-optimal set in Table S2 with the maximum relative closeness value is selected as the best compromise solution (highlighted in Fig S5). The corresponding optimal variable q* is further adopted as the reference length value for physical implementation of the proposed LDLM. 

[image: ]
Fig. S5. Selection of the best compromise solution by using the TOPSIS method with Shannon’s entropy concept. 
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